I n general, behavioral smoking cessation treatment strategies have proven effective when end of program success rates are considered (Schwartz, 1987) . However, long term success rates of ex-smokers remain discouraging. An estimated 70% to 80% of habitual cigarette smokers who successfully quit smoking will relapse within 1 year (Lando, 1990) .
Various posttreatment factors, including negative affective states (Cummings, 1980) and social support and exposure to other smokers (Mermelstein, 1986; West, 1977) , contribute to relapse among ex-smokers. A previous examination of work stress (Wewers, 1988) indicated that exsmokers who experienced work related stress during the first 3 months posttreatment were at risk for relapse. Since resumption of smoking is common, an examination of work related posttreatment factors may help occupational health nurses design effective interventions which promote permanent abstinence.
Studies examining smoking behavior at work (Caplan, 1971 (Caplan, , 1975 Westman, 1985) describe the relationship between smoking status and factors of work stress, work load, and social support. In these cross sectional studies, ex-smokers reported less job stress and work responsibility than current smokers. In addition, those who described low social sup-Since resumption of smoking is common, an examination of work related posttreatment factors may help occupational health nurses design effective interventions which promote permanent abstinence.
port smoked significantly more than those who reported high social support. Some research about the role of work related stress and a smoker's present or current smoking intensity is available. However, little is known about work related stress and its relationship to relapse. The purpose of this longitudinal study was to examine the relationship between relapse and work related factors of job stress, work load, social support, and work environment.
METHODS

Sample
One hundred full time employees enrolled in the American Lung Asso-ciations Freedom From Smoking (FFS) programs were recruited to participate at the final session (Time 1). FFS programs include traditional behavioral modification techniques such as self monitoring, stimulus control analysis, substitution behaviors, relaxation strategies, urge management, and weight control information. Programs are held weekly for 5 consecutive weeks.
Participants ranged in age from 23 to 61 years (mean: 38.9; SO = 8.2).
Fifty-two percent were female, 57% were married, and 89.9% were white. Twenty-seven percent of the sample were high school graduates or less, 31% had some college, and 42% were college graduates or higher. Personal income ranged from $5,000 to more than $50,000. Sixty percent of the sample reported incomes less than $30,000. Coding information by Caplan (1975) was used to classify participants' job descriptions. Eighteen percent were classified as having blue collar occupations (e.g., bakery worker); 36% as blue/white collar (e.g., postal carrier, clerical); 13.4% as blue collar supervisors, (e.g., forewoman, foreman); 13.4% as white collar supervisors (e.g., accountant supervisor); and 19.6% as having a white collar occupation (e.g., engineer, attorney). Twenty-seven employers were represented, ranging from eight to 15,200 employees. 35 65 responses, ranging from "not at all" to "very much." To score the instrument, the items are summed and averaged to obtain a mean score.
The work environment instrument asked for demographic information about occupational status (blue vs. white collar), overtime hours per week, number of other smokers at work, and yearly income.
Participants reported beginning smoking at an average age of 17.6 years (range: 8 to 40; SD = 3.8).
About half the subjects reported between zero and two previous attempts to quit smoking.
Ninety-nine participants were available for follow up data collection at 3 months (Time 2); 98 participants at 6 months (Time 3); and 97 at 12 months (Time 4). This represented a 1%, 2%, and 3% attrition rate, respectively.
Measures
Self reported smoking rates were validated by analysis of the participants' expired air carbon monoxide (COa), a byproduct of cigarette smoke. Expired air carbon monoxide analysis can discriminate between smokers and nonsmokers, and is strongly correlated with blood carboxyhemoglobin (Jarvis, 1980) . An Ecolyzer 2000 (National Draeger, Pittsburgh, PA) was used for analysis and was calibrated against a standard 50 parts per million (ppm) carbon monoxide sample prior to each data collection episode. Participants were instructed to inhale deeply, hold the inhalation for 20 seconds, then expire into a polypropylene sample collection bag.
COa is used frequently in smoking cessation research as a measure of abstinence from smoking. It is considered appropriate since it has been empirically shown that when biochemical validation such as COa occurs in combination with self report, the incidence of false negative self reports is only about 1% (Hall, 1984) . Caplan's (1975) job stress measure includes five subscales:
• Responsibility for persons, or being in charge of other workers' futures, job security, well being, and lives (4 items). • Role conflict, or the presence of opposing demands (3 items). • Role ambiguity, or the uncertainty or ambiguity about what is required of the worker in the job (4 items). • Underutilization of abilities, or the lack of use of one's particular skills and abilities (3 items). • Participation in decision making, or the amount of influence the workers have on shared decisions that affect them (3 items). Participants answer each item by choosing one of four or five responses that measures frequency or amount, depending on the subscale. Subscale responses are summed and averaged to obtain a mean score. Higher scores indicate more responsibility, role conflict, etc.
Workload, or perceived quantity and time available to accomplish one's work, was measured by an 11 item instrument with a 5 point Likert scale (Caplan, 1971) . Participants complete the questionnaire by answering one of five forced choice responses, ranging from "rarely" to "very often." To score the instrument, the items are summed and averaged to obtain a mean perceived workload index.
Perceived social support from supervisor, coworkers, and friends/ family was measured with a 12 item instrument (Caplan, 1971) . Again, participants complete this tool by choosing one of five forced choice
Procedures
Participants reported their current smoking rate and provided an expired air carbon monoxide sample at the final FFS program session (Time 1). At this time, they were given the Job Stress, Workload, Social Support, and Work Environment questionnaires to complete and return by mail. At Times 2 to 4 (3, 6, and 12 months thereafter), participants were recontacted to arrange appointments and repeat measurements.
The majority of follow ups took place at the participants' places of employment, while several took place in the home or research laboratory. Participants were provided a stamped, addressed envelope with which to return completed questionnaires. Reminder phone calls and/or postcards were sent if forms were not returned within 1 to 2 weeks. Participants were paid $35 on completion of the 12 month follow up.
RESULTS
Smoking Status
Participants were classified as abstinent if both their current self reported smoking rate was zero and their COa was <10 ppm (Hughes, 1976) . Subjects who had either a self reported smoking rate of >0 or COa of > 10 ppm were considered relapsed. Abstinence rates declined from 72% (n = 100) at Time 1 to 49% (n = 99) at Time 2, 42% (n = 98) at Time 3, and 35% (n = 97) at Time 4.
Those lost to follow up were considered relapsed (see Table 1 ).
Job Stress
Indicators of the instruments' reliability, as measured by Cronbach's alpha, were comparable to reports in the literature (Caplan, 1971 (Caplan, , 1975 . Responsibility subscale coefficients ranged from .80 to .86 at the four different data collection points; role conflict subseaIe coefficients ranged from .74 to .79; role ambiguity subscale coefficients were .84 to .92; underutilization of abilities subscale coefficients ranged from .72 to .78; and participation subscale coefficients were .85 to .91.
Perceived Workload
The alpha coefficients for workload were .88 to .92. Caplan and others (1975) reported an alpha coefficient of .83.
Social Support
Three social support scales had higher internal consistencies than those published (Caplan, 1975) ; social support subscale coefficients ranged from .87 to .92 for supervisor, .73 to .84 for coworker, and .82 to .85 for family and friends.
Relationship of Work Factors to
Relapse To determine the contribution of work related factors to relapse, separate stepwise discriminant analysis statistical techniques were performed on the data obtained at Times 1 to 4. Smoking status served as the dependent variable and participants were classified dichotomously as either abstinent or relapsed at each time point. Job stress, workload, social support, and work environment served as the predictor, or independent variables. The results of these analyses are presented in Tables 2 to 5. Time 1. The job stress factors of role ambiguity and work responsibility, as well as income, were significant predictors of relapse at the end of smoking cessation treatment (see Table 2 ) and contributed approximately 12% to the relapse process. Participants who reported higher levels of role ambiguity (i.e., were uncertain about what was expected of them in their job) and had increased responsibility for the work of others, were prone to relapse during the smoking cessation treatment program. Additionally, participants who reported a lower income were also at risk for relapse early in the cessation process. Time 2. Six factors were significantly related to relapse at 3 months posttreatment. These factors contributed 34% to the relapse process and included the job stress variables of role ambiguity and participation, workload, social support from friends and family, income, and occupational status.
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Once again, participants who reported increased role ambiguity on the job were at risk of resuming smoking, as were those who participated little in job decisions. Participants who perceived an increased workload also were prone to relapse. Those who reported less social support from family and friends were also at risk for smoking. Participants with a lower income and those who worked in blue collar positions were inclined to relapse at this time period.
Time 3. Six months after treatment, eight variables were predictive of relapse and contributed 37% to the process. The predictors are job stress factors of role ambiguity, participation, work responsibility, and role conflict; workload; social support of family and friends; occupational status; and amount worked. As seen at the end of treatment and at 3 months posttreatment, role ambiguity continued to be a significant predictor of relapse, as did little participation in job decisions and increased responsibility for the work of others.
Participants who experienced increased role conflict were also susceptible to relapse. Lack of social support from friends and family, working in a blue collar occupation, and working more than 40 hours per week were associated with an increased risk of resuming smoking. Time 4. One year after completing smoking cessation treatment, five variables were significant predictors of relapse and contributed 27% to the process. Role ambiguity was the only job stress variable that predicted a participant's resumption of smokmg.
Other significant factors included workload, the presence of other smokers, income, and social support from coworkers. As seen at earlier time intervals, increased workload and a lower income continued to be associated with relapse. Interestingly, at 12 months posttreatment, participants who were exposed to fewer smokers and who received increased social support from coworkers were at increased risk of relapse.
DISCUSSION
This longitudinal study describes long term smoking cessation rates for full time employees who attended FFS programs. As reported previously (Hunt, 1971) , the findings of this study suggest that the critical time period for relapse occurs during the first 3 to 6 months after cessation.
To promote long term abstinence, occupational health nurses who conduct worksite smoking cessation programs might consider implementing worksite maintenance sessions periodically during this critical time. Reinforcing principles learned during treatment and discussing temporary smoking episodes or slips may enable participants to remain abstinent. The impact of worksite maintenance programs on long term success rates is an important area to investigate in future studies.
Work related factors and their contribution to relapse were also examined. The findings indicate that different work factors are predictors of relapse at different time intervals throughout the first year posttreatment. An ex-smoker's uncertainty or ambiguity about what is required or expected in the job was a consistent predictor of relapse at each of the four time intervals. In addition, although not a risk factor at the end of treatment, perceived workload contributed to relapse at 3, 6, and 12 months posttreatment.
Occupational health nurses may be able to provide employers with suggestions about role ambiguity since the organization's attention to improving workers' understanding of job expectations may decrease the probability of relapse. Similarly, if workload assignments can be modified during the immediate postcessation period, long term abstinence may be improved. Further research might examine how modification of these job stress variables influences abstinence.
Other factors such as work responsibility, participation in decision making, and role conflict were also related to relapse. However, unlike role ambiguity and workload, the contribution of these factors was inconsistent during the first year posttreatment. ex-smokers in specific occupations (e.g., office workers, engineers, sales personnel) to identify similarities and differences in work stress variables and their relationship to specific occupations and the relapse process.
Participants who reported a decreased amount of social support from friends and family were at risk of relapse posttreatment. This finding has been reported previously in the literature (Mermelstein, 1986 ). An interesting result that could have implications for employers was the finding that social support from supervisors was not related to smoking status any time during the first year.
In addition, the presence of other smokers in the workplace had no influence on smoking status during the first 6 months. However, those who reported an increased amount of social support from coworkers at 1 year posttreatment, as well as those who were exposed to fewer smokers, were at greater risk for resuming smoking. Explanations for these two findings are not immediately apparent.
Finally, participants who reported a lower income and who were employed in blue collar positions were more likely to resume smoking during the first year than those who reported higher levels of income and were employed in primarily white collar jobs. These results are similar to those reported by the Office on Smoking and Health (1988) .
This study represents one of the first attempts to examine the role of work related factors in the relapse process. Previous information was available about job stress and social support as it related to the employees' smoking intensity at the time of data collection only. Unfortunately, little was known about the contribution of these factors to the resumption of smoking in the posttreatment period.
Occupational health nurses devote a great deal of effort to worksite programs for improving employees' health. Although this study was limited by a small sample size, given the number of work related variables, it did reveal important preliminary information that may help guide future worksite programs.
Participants in this study represented a variety of occupational settings. Future research should study
